Introduction
Fly ash is a naturally-cementitious coal combustion by-product. It is extracted by the precipitators in the smokestacks of coal-burning power plants to reduce pollution. About 120 coals based thermal power stations in India are generating 70% of power and producing about 131 million tone fly ash per year. With the increasing demand of power and coal being the major source of energy, more and more thermal power stations are expected to be commissioned/ augment their capacities in near future. Continuous studies have been carried out in India towards management of fly ash (FA), disposal and utilization. The quality of fly ash which depends on coal, coal particle fineness, percentage of ash in coal, combustion technique used, air/fuel ratio, burners used, and type of boiler. Fly ash is available in large quantities in our country as waste product from a number of thermal power stations and industrials plant using pulverized coal as a fuel for the boilers. The increased industrialization, the present level of production of fly ash is expected to double in the next 10 years. [1] 
Background
World at present produces around approximately 1528 Million Tons of coal fly ash when India at present produces around 131 Million Tons of Ash per annum. Out of this fly ash 30 percent fly ash were used as Portland cement replacement in concrete and other application were as low-value road base material and fills. Even though the beneficial use of fly ash in concrete has been known for many decades, it is still not yet fully utilized. [2] India  131  38  2  China  100  45  3  USA  75  65  4  Germany  40  85  5  UK  15  50  6  Australia  10  85  7  Canada  6  75  8  France  3  85  9  Denmark  3  2  10  Italy  2  100  11 Netherland 2 100
II. Fly Ash

Definition of fly ash
Fly ash is a fine, glass powder recovered from the gases of burning coal during the production of electricity. These micron-sized earth elements consist primarily of silica, alumina and iron. When mixed with lime and water the fly ash forms a cementitious compound with properties very similar to that of Portland cement.
According to IS:10153-1982 [6] fly ash is a finely divided residue resulting from the combustion of ground or powdered coal and transported by the fuel gases of boiler fired by pulverized coal.
The use of fly ash as a pozzolanna and fine aggregates and also other allied purposes is well established in a number of countries abroad, but it has come in vogue in India only recently. Some recent investigations of Indian fly ashes have proved their suitability for various uses.
Disposal of fly ash is a problem being faced by most of the thermal power plants where it is being produced. This material, however, may be utilized in a number of ways, some of which have been mentioned in this paper. If proper means and methods are not adopted for utilization and disposal of fly ash the problem will increase in magnitude, due to its increased production, over the few years.
Classes of Fly Ash
According to ASTM C-618 Fly ash is broadly classified into two major categories: Class F and Class C fly ash. The chief difference between these two classes is the amount of calcium, silica, alumina, and iron content. The chemical properties of the fly ash are largely influenced by the chemical content of the coal burned (i.e., anthracite, bituminous, and lignite).
2.2.1
Class 'F' fly ash The burning of old anthracite and bituminous coal typically produces Class F fly ash which contains less than 10% lime (CaO). Possessing pozzolanic properties, the glassy silica and alumina of Class "F" Fly ash requires a cementing agent, such as Portland cement, quicklime, or hydrated lime, with the presence of water in order to react and produce cementitious compounds. Alternatively the addition of a chemical activator such as sodium silicate (water glass) to a Class "F" ash can lead to the formation of a geo-polymer.
2.2.2
Class 'C' Fly ash Class "C" Fly ash produced from the burning of younger lignite or sub bituminous coal generally contains more than 20% lime (C a O). This type of ash does not require an activator & the contents of Alkali and sulfate (SO 4 ) are generally higher as compare to the Class "F" Fly ash. 
III.
Methods of fly ash collection 3.1 Dry fly ash (fly ash) Dry ash is collected from different rows of electrostatic precipitators. It is available in two different grades of fineness in silos for use as resource material by different users in dry ash disposal; the fly ash is transported by truck, chute or conveyor at the site and disposed of by constructing a dry embankment (dyke). 
Wet bottom ash
Bottom ash is collected from the bottom of the boiler and transported to hydro bins and then ash mound. In wet disposal, the fly ash is transported as slurry through pipe and disposed off in impoundment called "Ash Pond". Most of the power plants in India use wet disposal system. [3] IV.
Use of Fly Ash for Road Construction
Fly ash can be used for construction of road and embankment. This utilization has many advantages over conventional methods. Saves top soil which otherwise is conventionally used, avoids creation of low lying areas (by excavation of soil to be used for construction of embankments). Avoids recurring expenditure on excavation of soil from one place for construction and filling up of low lying areas thus created. Fly Ash may be used in road construction for: 1) Filling purposes. Addition of Fly Ash has not shown any adverse effects on the ground water quality in the vicinity of experimental plots. 
Use of Fly Ash in Road Embankment Construction
The favorable Properties of Fly ash/Pond Ash for use in embankment is listed as below and its engineering properties is mentioned in Table This work shall consist of laying and compacting an improved sub-grade/lower sub-base of soil treated with lime & fly-ash on prepared sub-grade in accordance with the requirements of this specifications and in conformity with the lines, grades and cross sections shown on the drawings or as directed by the engineer. Soil: The soil used for stabilization shall be the local clayey soil breaking the soil into pieces less than 20mm etc by means of Disc Harrowing. Lime: Lime for lime-stabilization work shall be commercial dry lime slaked at site or pre-slaked lime delivered to the site in suitable packing. The lime shall have purity of not less than 70 percent by weight of quick lime (C a O) Fly Ash: Fly Ash used shall be locally available probably Pond ash available Water: 60 to 70 liters/m 2 water to be used for lime stabilization shall be clean and free from injurious substances. Potable water shall be preferred.
Quantity of lime & Fly ash in stabilized mix : 10 kg/m 2 lime + 50 kg/m 2 fly ash + dry soil shall be mixed. The laboratory CBR/UCS value shall be at least 1.5 times of the minimum field value of CBR/UCS. Lime at the rate of 10kg/m 2 & Fly ash at the rate of 50kg/m 2 to be mixed with the soil in dry state. Dry lime & Fly ash shall be prevented from blowing by adding water to the lime. No traffic other than the mixing equipment shall be allowed to pass over the spread soil +Lime + fly ash until after completion of mixing. Mixing or remixing operations, regardless of equipment used, shall continue until the material is free of any white streaks or pockets or lime and the mixture is uniform.
Immediately after spreading, grading and leveling of the mixed compaction shall be carried out with approved equipment preceded by a few passes of lighter rollers if necessary.
The sub-base course shall be suitably cured for a minimum period of 24 hours after which subsequent pavement courses shall be laid to prevent the surface from drying out and becoming friable. In NTPC internal Plant roads in Bharuch Fly-Ash + Lime treatment has been done before laying of Subbase layer.
Use of Fly Ash in Bituminous Mix Layer
Both Class F and Class C fly ash can typically be used as a mineral filler to fill the voids and provide contact points between larger aggregate particles in Bitumen mixes. This application is used in conjunction or as a replacement for, other binders (such as Portland cement or hydrated lime). For use in bituminous pavement, the fly ash must meet mineral filler specifications outlined in Table- Slip-Forming is used for Construction. Fly Ash is ideal for the interstate Highway System and secondary Roads. Concrete Prepared with High volume fly ash (HVFA) is more durable than asphaltic concrete and needs almost no maintenance. Being low permeability of high performance concrete leads a long-lasting concrete pavement and does not require rehabilitation and reconstruction. Studies have also proved that in concrete pavement, due to its higher reflectance, allows big savings in energy consumption.
The pavement could be designed for longer life up to 50 years. The design of a highway pavement is based on flexural strength and HVFA concrete keeps gaining strength with age which is an in-built safety factor.
There is no reinforcing steel in pavement concrete and roller compacted concrete. Thus the corrosion of steel is a non issue. Pavement Quality Roads increases fuel efficiency of transport trucks by 11%, resulting in cost savings and lower exhaust emissions.
HVFA concrete is competitive with asphaltic concrete even on first-cost basis. [2] In paper by P Kumar Mehta a brief review is presented of the theory and construction practice with concrete mixtures containing more than 50% fly ash by mass of the cementitious material. Mechanisms are discussed by which the incorporation of high volume of fly ash in concrete reduces the water demand, improves the workability, minimizes cracking due to thermal and drying shrinkage, and enhances durability to reinforcement corrosion, sulfate attack, and alkali-silica expansion. For countries like China and India, this technology can play an important role in meeting the huge demand for infrastructure in a sustainable manner.
[8]
Advantages of HVFAC
Among the Sustainability issues, the three major ones that are widely discussed may be summarized as below 4.6.1 Climate change -In many parts of the world, extreme weather patterns are occurring with greater frequency. Most scientists believe that this phenomenon is associated with the high emission rates of greenhouse gases, primarily carbon dioxide, the environmental concentrations of which has increased from 280 to 370 parts per million volumes mainly during the industrial age. The transportation industry and the Portland cement industry happen to be the two largest producers of carbon dioxide. The latter is responsible for approximately 7% of the world"s carbon dioxide emissions. [8] 
Resource productivity -
The concrete industry is the largest consumer of virgin materials such as sand, gravel, crushed rock, and fresh water. It is consuming Portland and modified Portland cements at an annual rate of about 1.6 billion metric tons. The cement production consumes vast amounts of limestone and clay besides being energy-intensive.
With the advent of high performance concrete mixtures, some structures are now being designed and built for a service life of 100 years. In this context, it should be noted that the Factor Ten Club, a group of scientists, economists and business people have made a declaration that, within one generation, nations can achieve a tenfold increase in their resource productivity through a 90% reduction in the use of energy and materials. [8] 4.6.3 Industrial ecology -Achieving a dramatic improvement in resource productivity through durability enhancement of products is, of course, a long-term solution for sustainable development.
The construction industry already uses concrete mixtures containing cement replacement materials, such as 15% to 20% fly ash or 30% to 40% slag by mass. it is now possible to produce high-performance concrete mixtures containing 50% to 60% fly ash by mass of the blended cementitious material. Fly ash is readily available in most parts of the world. China and India, the two countries that consume large amounts of cement, together produce over 300 million tons of fly ash per year. [8] 
Salient Features of high-performance concrete
The characteristics defining a HVFA concrete mixture are as follows:
• Minimum of 50% of fly ash by mass of the cementitious materials must be maintained.
• Low water content, generally less than 130 kg/m 3 is mandatory.
• Cement content, generally no more than 200kg/m 3 is desirable. 
Usage of Fly Ash in Concrete Road
Usage of Fly ash in Kerb Casting
Kerb casting can be done with 50% age replacement of cement with fly ash using Slip Forming. M25 Grade slip forming Kerb was casted by Gujarat State Highway projects V.
Initiatives taken by Government of India in the direction Conversion of fly ash into wealth generator
Initiatives taken in the direction of creating Fly Ash grading facility at Thermal Power Plants As circular by CPWD, IS 456:2000 etc. specifies certain grade of fly ash (conforming to IS 3812) for cement/concrete applications which is not easily available at Thermal Power Plants. Therefore, it was felt necessary to create some fly ash processing facility at TPP so that graded fly ash can be made available to end user. In this regard, letters have been issued to many Thermal Power Stations detailed presentation has been made to Central Electricity Authority and discussions are in progress with some of the TPPs [9] .
Government Departments and other State Government Agencies, shall within three months from the 1st day of September, 2003-a. make provisions in their tender documents, schedules of approved materials and rates as well as technical documents, including those relating to soil borrow area or pit as per sub-paragraph(7) of paragraph 1; and b. Make necessary specifications /guidelines for road or fly over embankments that are not covered by the specifications laid down by the Indian Road Congress (IRC). 3. In compliance to above, in second part of Para 2 of the Ministry"s letter of even number dated 30th July, 2003 referred above, the words "economically viable lead" stand substituted as "a radius of one hundred kilometers of a thermal power plant". 4. It is, therefore, requested that the requisite amendments may please be carried out at the appropriate places and complied strictly. 5. It is requested that quarterly "Action Taken Report" on use of fly/pond ash in road/flyover embankment construction on NH/other centrally sponsored works in your State/Organization may please be forwarded to the 2) Site mixing of fly ash shall be permitted only after ensuring availability at site, uniform blending through a specific mechanical facility with automated process control like batch mix plant conforming to IS:4925 and IS:4926.
3) Mix design will be done as per IRC: SP: 49. The OPC content shall not be less than 135 kg/cum in case of blending at site. The curing period may be suitably enhanced (by at least about 2 days). 4) Ground Granulated Blast Furnace Slag (GGBFS) obtained by grinding granulated slag conforming to IS: 12089. GGBFS shall not be used in any other grade of cement except 53grade. The content of GGBFS shall be up to 50 percent by weight of Ordinary Portland Cement 53 grade 5) Mix design will be done as per IRC: 44. The OPC content shall not be less than 310 kg/cum in case of blending at site. The curing period may be suitably enhanced by at least about 2 days.
6) The Portland Pozzolana Cement produced in factory shall not have fly ash content more than 25 percent. The Portland Pozzolana Cement produced in factory with fly ash content more than 25 percent shall not be used.
Certificate from the manufacturer to this effect shall be procured before use. [11] 
VI. Conclusion
The use of coal for power generation results in an increased quantum of fly ash production, which has reached about 131 million tons per year. All out efforts are to utilize this fly ash not only from environmental considerations, but also to avoid land usage for fly ash dumping. Though there has been a steady progress in fly ash utilization from 1990, we have a long way to go to reach the target of 100 per cent fly ash utilization.
Fly ash can become a wealth generator by making use of it for producing "green building"materials, roads, agriculture etc. Full utilization of the generating stock will provide employment potential for three hundred thousand people and result in a business volume of over Rs.4,000 crore." Cement and Concrete Industry accounts for 50% Fly Ash utilization, the total utilization of which at present stands at 30MT (38%). The other areas of application are Low lying area fill (17%), Roads & Embankments (15%), Dyke Raising (4%), and Brick manufacturing (2%) Government has also framed policy so that fly ash is used. National Highway Authority of India (NHAI) is currently using 60 lakh m 3 of Fly Ash and proposed to use another 67 lakh m 3 in future projects. We all will work together to make 38% usage to 100% usage of fly ash.
